METHOD AND APPARATUS FOR SYNCHRONOUS LOADING AND OUT-OF- 
PHASE UNLOADING OF DATA REGISTERS 

Cross Reference to Related Applications 
[0001] This application is related to and claims the benefit under 35 USC 1 19(e) of 

Provisional Application Serial No. 60/422,329 (the '329 Application), filed on October 

30, 2002. The '329 Application is incorporated by reference 

BACKGROUND OF THE INVENTION 

[0002] Data registers are typically used to store data for later reading. For 

example, a "D flip-flop", also known as a data register, is presented data at the input. The 
input data is then loaded on the next clock edge, either rising or falling, depending on the 
type of register, if the clock enable input is true. 

[0003] A problem exists with the loading and unloading of a register when the 

input and output of the register are connected to a source and destination, respectively, 
that are synchronous and of unknown but relatively constant phase to each other. 
[0004] One solution to this problem is to use a single register. The problem with 

this approach is that the unloa d can occur at any time relative to the load. In this case, the 
register may be loading at exactly the wrong time as the unloading and, therefore, the 
register output may have corrupt data. This corrupt data may also be both intermittent and 
persistent. 

[0005] Adding a second stage register to the output of the first stage register does 

not fix this problem. The second stage register could also be loaded at the same time. 
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There is a resulting need for a register apparatus loaded synchronously and unloaded out- 
of-phase with the loading. 

SUMMARY OF THE INVENTION 
[0006] The present invention encompasses a data register apparatus that can be 

loaded synchronously and unloaded out-of-phase. The apparatus is comprised of a first 
data register that has a data input coupled to a data signal, a clock input coupled to a 
clock signal, an enable input coupled to a periodic first load signal, and a data output. 
[0007] The apparatus further comprises a second data register that has a data input 

coupled to the data output of the first data register, a clock input coupled to the clock 
signal, an enable input coupled to a second load signal, and a data output. In one 
embodiment, the first and second data registers are "D" type flip-flops. 
[0008] A controller is coupled to and controls the operation of the first and second 

data registers. The controller has a clock input coupled to the clock signal, a load data 
input coupled to the first load signal, and a read data input coupled to a periodic read 
signal. 

[0009] The controller has the capability for generating a first guard band signal 

using the first load signal and the clock signal. The controller also generates a second 
guard band signal using the read signal and the clock signal. In one embodiment, the 
controller generates the second load signal by logically ANDing the first and second 
guard band signals. 



AttyDktNo. 100.405US01 



2 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Figure 1 shows a block diagram of one embodiment of the data register of 

the present invention. 

[0011] Figure 2 shows a timing diagram representing the operation of the 

embodiment illustrated in Figure 1 . 

[0012] Figure 3 shows a timing diagram representing the operation of one 

embodiment of a controller of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0013] The data register apparatus of the present invention provides synchronous 

loading and out-of-phase unloading of input data. This is accomplished by the generation 
of guard band signals, one for a load signal and another for an unload or read signal, that 
are logically ANDed to generate a clock enable signal for the apparatus. 
[0014] Figure 1 illustrates a block diagram of one embodiment of the data register 

apparatus of the present invention. The apparatus is comprised of a first (101) and a 
second data register (102). In one preferred embodiment, these data registers (101 and 
102) are "D flip-flops". Other embodiments may use other types of flip-flops or registers. 
[0015] Each data register (101 and 102) is comprised of a data input that is 

referred to as the "D" input. Data that is to be loaded into a particular register is presented 
to this input for a predetermined set-up time, typically in the nanosecond range, prior to 
being loaded. In the embodiment of Figure 1, the data to be loaded is referred to as DIN. 
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[0016] DIN is loaded into the register with a clock pulse, referred to as CLK in 

Figure 1 . In one embodiment, the rising edge of the clock pulse latches the data. Other 
embodiments use the falling edge or simply a logical high or low state. 
[0017] The clock is applied to the CLK input of each data register (101 and 102). 

CLK is the clock signal to which the DIN signal is referenced. 

[0018] CLK of the present invention may be any periodic signal having a 

predetermined frequency. The present invention is not limited to any particular frequency 
or duty cycle. 

[0019] The registers of Figure 1 are additionally comprised of chip enable inputs 

that are referred to as CE. In one preferred embodiment, the CE inputs are active high. 
Alternate embodiments may use active low CE inputs. 

[0020] The CE inputs are responsible for enabling the CLK inputs. When the 

signal presented to each register's CE input is true (e.g., a logical high), the CLK input is 
enabled such that CLK can latch in DIN. When the signal at CE is not true (e.g., a logical 
low), CLK is ignored. 

[0021] In one preferred embodiment, the CE signals are provided by signals LDA 

and LDB. LDA is the load signal for the first register (101) while LDB is the load signal 
for the second register (102). 

[0022] LDA is a periodic, active high signal that is generated by input circuitry. 

In one embodiment, this input circuitry includes a shift register that generates LDA by 
shifting out a logical high every certain number of clock cycles. The generation of LDB is 
discussed subsequently with reference to the controller (105) of the present invention. 
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[0023] The registers (101 and 102) are coupled such that the data output, Q, of the 

first register (101) is coupled to the data input, D, of the second register (102). The output 
of the apparatus is the Q signal from the second register (102) and is represented as 
DOUT. 

[0024] The apparatus of Figure 1 is additionally comprised of a controller (105) 

that is responsible for generating the active high load signal for the second register (102). 
This signal is referred to as LDB. 

[0025] In one preferred embodiment, the controller (105) of Figure 1 is a field 

programmable gate array (FPGA). As is well known in the art, an FPGA is a gate array 
into which a logic network can be programmed, after its manufacture, using a hardware 
description language (HDL). An FPGA may be comprised of an array of logic elements, 
either gates or lookup table RAM, flip-flops, and programmable interconnect wiring. 
[0026] Alternate embodiments use other types of controllers. For example, one 

embodiment uses a programmable logic device (PLD), a microcontroller programmed 
with microcode, a microprocessor, an application specific integrated circuit (ASIC), or 
discrete logic gates. The present invention is not limited to any one type of controller or 
controller scheme. 

[0027] The controller (105) is coupled to the CLK signal, the LDA signal, and a 

read data bit signal that is referred to in FIGURE 1 as RDB. RDB is a periodic, active 
high signal from output circuitry that is coupled to the output of the data register 
apparatus of the present invention. In one embodiment, a shift register may generate RDB 
by shifting out a logical high every predetermined number of clock cycles. RDB is high 



AttyDktNo. 100.405US01 



5 



when the output circuitry desires to read the contents of the data register and load that 
data into the output circuitry. 

[0028] The controller (105) of the present invention monitors the LDA, CLK, and 

RDB signals. These signals are then used by the controller to generate two guard band 
signals. 

[0029] The first guard band signal indicates when the first register's (101) output 

data can be read by the second register (102). The second guard band signal indicates 
when the second register (102) is not being read. By logically ANDing these two signals, 
a signal (LDB) is generated that indicates that the output of the first register (101) is 
stable and the second register's (102) output is not currently being used. This allows the 
second register (102) to be updated with stable data from the previous stage (101) without 
corrupting the data to the following stage (102). 

[0030] Figure 2 illustrates a timing diagram of the operation of one embodiment 

of the controller of the present invention. This timing diagram is for illustration purposes 
and does not limit the present invention to one particular operation. 
[0031] The CLK signal is the clock upon which the data register apparatus is 

based. No particular frequency is shown since the frequency is different for each 
implementation of the present invention. In one embodiment, CLK is a periodic signal 
having a frequency of 35 MHz. 

[0032] The two guard band signals are represented by GDBND1 and GDBND2. 

GDBND1 is generated from the LDA signal. GDBND2 is generated from the RDB 
signal. 
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[0033] Since the LD A signal is periodic, the controller of the present invention 

can generate the GDBND1 signal based on when the next LDA logical high occurs. In the 

illustrated embodiment, the GNBND1 signal goes low three clock cycles prior to LDA 

going high. GDBND1 returns high two clock cycles after LDA goes back low. 

[0034] The length of time that the GDBND1 signal is low can be adjusted 

depending on the implementation of the data register apparatus of the present invention. 

If the implementation experiences a greater amount of jitter (i.e., a time based error 

caused by varying time delays in circuit paths), the duty cycle of GDBND1 can be 

increased to compensate. For example, the time in clock cycles that the GDBND1 signal 

is low before and after the LDA signal may be substantially equal. 

[0035] Since the RDB signal is periodic, the controller of the present invention 

can generate the GDBND2 signal based on when the next RDB logical high occurs. In the 

illustrated embodiment, the GNBND2 signal goes low three clock cycles prior to RDB 

going high. GDBND2 returns high two clock cycles after RDB goes back low. 

[0036] The length of time that the GDBND2 signal is low can be adjusted 

depending on the implementation of the data register apparatus of the present invention. 

If the implementation experiences a greater amount of jitter, the duty cycle of GDBND2 

can be increased to compensate. For example, the time in clock cycles that the GDBND1 

signal is low before and after the RDB signal may be substantially equal. 

[0037] LDB is then generated by logically ANDing GDBND1 and GDBND2. 

The illustrated embodiment shows that LDB goes high for two clock cycles. In alternate 

embodiments that have different amounts of jitter, LDB will have a different duty cycle. 
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For example, if an implementation has a large amount of jitter, the duty cycle of LDB 
increases since the duty cycles of both GDBND1 and GDBND2 have increased. 
[0038] The use of LDB is illustrated in the timing diagram of Figure 3. Figure 3 

illustrates a timing diagram of the operation of one embodiment of the data register 
apparatus of Figure 1. 

[0039] The CLK signal is a periodic clock of some predetermined frequency such 

as 35 MHz. The rising edge of one pulse (301) of this clock signal occurs during a time 
when LDA is active (305). This causes DIN to be latched (310) into the first stage 
register as illustrated in FIGURE 1 . The DIN that is latched is 0059. 
[0040] The DIN illustrated in Figure 3 is for illustration purposes only. This data 

may be accurate for an embodiment that uses a 16-bit circuit that incorporates sixteen of 
the data register apparatuses of the present invention. Alternate embodiments use from 
one to an unlimited number of data register apparatuses. 

[0041] LDB goes high (315) for two clock cycles. During this time, a rising edge 

of CLK (320) causes the data that was latched into the first stage to be then latched into 
the second stage. This is then the DOUT of the circuit. In this case, DOUT then becomes 
0059 (325). 

[0042] RDB goes high (330) periodically in order to read the data in the data 

register apparatus. The operation of this signal was discussed previously. 
[0043] The signal states of Figure 3 are for illustration purposes only and do not 

limit the operation of the present invention. While these signals are shown as being active 
high, alternate embodiments may use signals that are active low. 
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[0044] In summary, the data register apparatus of the present invention provides 

the ability to load data synchronously while reading the data out-of-phase. Additionally, 
the loading clock, LDB, does not have to be a clean signal as required in the prior art. By 
providing a range of time to read the data instead of a predetermined time, LDB can 
toggle multiple times per cycle causing reloads of the data register that do not affect the 
read operation. 

[0045] The apparatus of the present invention also provides for a high degree of 

tolerance of jitter between LDA and the reading strobe, RDB. When jitter increases, only 
the guard band signals need to be made wider. 

[0046] Numerous modifications and variations of the present invention are 

possible in light of the above teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be practiced otherwise than as 
specifically described herein. 
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